This paper reviews the current state of the art for design and operation of "modern" trickling filters and combined fixed film/suspended growth systems.
Abstract:
This paper reviews the current state of the art for design and operation of "modern" trickling filters and combined fixed film/suspended growth systems.
The authors provide an updated description of the process and facilities (equipment) which make up modern fixed film reactors. Included is a description of equations and models that may be used in the design of fixed film reactors, including criteria for designing plants that need to nitrify.
Background and Description:
Until the 1950s, trickling filter design protocol was inconsistent and empirical in nature. After EPA issued its definition of secondary treatment standards in the early 1970s, many considered the trickling filter process to be unable to consistently produce effluent water quality that met the published standards. This conclusion may have been reached because of poor secondary sedimentation tank design and not because of the trickling filter process parse. .
In the 1980's it was demonstrated that treated effluent from fixed film reactors could be greatly improved by adding a second stage aeration basin or through bioflocculation in a solids contact basin (both followed with improved secondary clarifier design).
What was done or studied:
Figure 1 illustrates a trickling filter cross section and typical bioreactor components. Wastewater treatment using the trickling filter results in a net production of total Trickling Filter and Trickling Filter-Suspended Growth Process Design and Operation: A State-of-the-Art Review suspended solids. The trickling filter process typically includes an influent pump station, trickling filter, trickling filter recirculation pump station, and liquid-solids separation unit.
Use of a variable-speed drive and electronic controller allow for the more precise control of distributor-arm speed. Electrically driven rotary distributors have motorized units that control distributor speed independent of the wastewater pumped flow. Modules of plastic sheets (i.e., self-supporting verticalflow or cross-flow modules) are used almost exclusively for new and improved trickling filters. Several trickling filters with rock media exist and are capable of meeting treatment objectives when properly designed and operated.
Cross-flow modules provide increased treatment efficiency compared to verticalflow modules of the same specific surface area at low-to-medium volumetric organic loading rates (less than about 2.5 kg BOD5/d/m3), but vertical-flow modules may provide advantages at higher volumetric organic loading rates Vertically oriented modular plastic media are generally accepted as being ideally suited for highstrength wastewater (perhaps industrial) or high organic loadings such as with a roughing trickling filter.
Rock and random plastic media are not selfsupporting and, therefore, require support from the containment structure. Typically, containment structures are precast or formed concrete tanks.
The trickling filter underdrain system is designed to meet two objectives: collect treated wastewater for conveyance to downstream unit processes and create a plenum that allows for the transfer of air throughout the trickling filter media Trickling filter recirculation pumps are typically constant speed, low-head centrifugal units designed to operate with a total head equivalent to the static head, comprised of the trickling filter media depth of approximately 3 to 7 m (depending on media depth), the distance between the distributor outlet and the top of the media, and the distance between the bottom of the media and the water surface in the underdrain, along with associated friction losses Information is also presented in the following areas; 1. Hydraulic dosing or flushing rates; 2. Oxygen requirements for 2-stage systems;
3. Mechanical and Natural draft ventilation;
4. Trickling filter design models;
5. Modeling for design of filters that remove both (combined) BOD and ammonia;
6. Modeling for design of filters that are designed primarily for ammonia removal; and 7. Control of fauna and nuisance organisms on fixed film reactors.
Major Findings or Summary:
The modern trickling filter usually (but not always) includes the following major components:
1. Rotary distributors with speed control;
2. Modular plastic media (typically cross-flow media unless the bioreactor is treating high-strength wastewater, which warrants the use of vertical-flow media);
Trickling Filter and Trickling Filter-Suspended Growth Process Design and Operation: A State-of-the-Art Review Benefits inherent to the trickling filter process (when compared to activated sludge processes) include operational simplicity, resistance to toxic and shock loads, and low energy requirements. However, trickling filters are susceptible to nuisance conditions. Process mechanical components dedicated to minimizing the accumulation of macro fauna such as filter flies, worms, and snail (shells) are now standard.
Trickling filter mechanics are poorly understood. Information on design and operation of trickling filter and is fragmented and has been poorly documented. Consequently, there is a general lack of suitable mathematical models and design approaches. The design and operation of trickling filter and TF/SG processes is empirical.
The TF/SC process is the most common TF/SG process information on the selection and design of these process components is fragmented and has been poorly documented. Some empirical trickling filter design criteria and semi-empirical NTF models were described in this paper. Typical design criteria for the TF/SC process is presented in Table 1 . Typical design criteria for a RF/AS or TF/AS process is shown in Table 2 .
